Introduction
Osteosarcoma is a highly malignant primary tumor occurring in the bone and associated tissues, characterized by a bone-like tissue consisting of tumor cells (1) . As the disease progresses, osteosarcoma can progressively harm the health of the patients by causing lump formation, organ dysfunction and fractures (2) (3) (4) . In the late stages, the majority of patients would develop metastases, resulting in systemic failure. At present, the exact mechanism of osteosarcoma pathogenesis is unclear. Certain studies have suggested that osteosarcoma can be induced by other types of cancer, as well as environmental stimuli to bone cells, such as toxins, viruses and radiation (5) (6) (7) . In addition, disturbed hormone levels can increase the incidence of osteosarcoma, particularly in teenagers with excess hormone secretion (8) .
A recent study found that cyclooxygenase (COX)-2 expression gradually increased in the development of osteosarcoma, suggesting its involvement in the progression of the disease (9) . COX-2 has also been shown to play an important role in the pathogenesis of several other diseases, including gastric, pancreatic and bladder cancers, which makes COX-2 a promising biomarker in disease diagnosis (10) (11) (12) . Additionally, microRNA (miRNA)-143 has been shown to influence the expression of COX-2 and affect disease progression; however, the expression of COX-2 in osteosarcoma, particularly concerning its association with miRNA-143, has not yet been fully elucidated.
The aim of the present study was to examine the expression profiles of COX-2 and miRNA-143 in tumor tissues and blood samples from patients with osteosarcoma and to discuss the association between the expression profiles and the disease severity. The findings could provide novel insights into the early diagnosis and clinical treatment of osteosarcoma.
Materials and methods
Patients and tissue samples. A total of 46 patients diagnosed with osteosarcoma who had been admitted to Jinling Hospital (Southern Medical University, Nanjing, China) between December 2011 and December 2013 were enrolled in the present study, including 22 stage I patients, 18 stage II patients and 6 stage III patients (Table I ). In addition, 26 normal subjects were used as controls. A total of 20 osteosarcoma samples were obtained from the patients (9 from stage I patients, 8 from stage II patients and 3 from stage III patients), with adjacent tissues used as negative controls (Table II) . Prior written and informed consent was obtained from every patient and the study was approved by the Ethics Review Board of Jinling Hospital.
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
Total RNA was extracted with TRIzol ® reagent (Invitrogen Life Technologies, Carlsbad, CA, USA). The miRcute miRNA cDNA First Strand Synthesis kit (Tiangen Biotech Co., Ltd., Beijing, China) was used to perform the RT according to the manufacturer's instructions. qPCR was then performed with the miRcute miRNA qPCR detection kit (SYBR Green) (Tiangen Biotech Co., Ltd.). The primer sets used were synthesized by TIANGEN Biotech Co., Ltd., Beijing, China (Table III) . The amplification conditions were as follows: 95˚C for 5 min; then 95˚C for 50 sec and 60˚C for 30 sec, for 40 cycles. β-actin and U6 served as the internal controls for COX-2 and miRNA-143, respectively. The relative expression levels were calculated using the 2 -ΔΔCt method.
Western blot analysis. Proteins were extracted from the tumor tissue and blood samples. A total of 20 µg protein was subjected to 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis and transferred onto a polyvinylidene difluoride membrane. The membrane was incubated with rabbit anti-human anti-COX-2 polyclonal antibody (1:1,000 dilution; cat. no. ab15191; Abcam, Boston, MA, USA) and rabbit anti-human anti-β-actin polyclonal antibody (1:5,000 dilution; cat. no. ab8227; Abcam), respectively, at 4˚C overnight. Horseradish peroxidase-conjugated goat anti-rabbit immunoglobulin G (1:3,000 dilution; cat. no. ab6721; Abcam) was then added and the membrane was incubated at room temperature for another hour. Coloration was performed using the Electrochemiluminescence Western Blot Substrate kit (Abcam), and the relative intensity was analyzed by Image Lab™ version 3.0 software (Bio-Rad Laboratories, Hercules, CA, USA).
Statistical analysis. Data are expressed as the mean ± standard deviation. The SPSS software package (version 18.0; SPSS Inc., Chicago, IL, USA) was used for statistical analysis. Normality tests and one-way analysis of variance were performed for the comparison. P<0.05 was considered to indicate a statistically significant difference.
Results

Expression of COX-2 in tumor tissues from patients with osteosarcoma.
To investigate the mRNA and protein expression levels of COX-2 in osteosarcoma tumor tissue, RT-qPCR and western blot analysis were performed, respectively, in normal control subjects and patients with stages I-III osteosarcoma. Results from the RT-qPCR demonstrated that the mRNA expression levels of COX-2 in patients with osteosarcoma were significantly higher than those in the normal control subjects (P<0.05; Fig. 1A ). Furthermore, the mRNA expression level of COX-2 in patients with stage III osteosarcoma was significantly higher than that in patients with stage II osteosarcoma, which was significantly higher than that in patients with stage I osteosarcoma, indicating that the COX-2 mRNA expression level was increasing along with the disease severity. In addition, western blot analysis showed that the protein expression levels of COX-2 exhibited similar trends to COX-2 mRNA (Fig. 1B) . These results suggested that the expression of COX-2 increased as the disease progressed, implying the involvement of COX-2 in the disease pathogenesis.
Expression of COX-2 in blood samples from patients with osteosarcoma. The mRNA and protein levels of COX-2 in blood samples from patients with osteosarcoma were measured by RT-qPCR and western blot analysis. The results showed that, compared with normal control subjects, the mRNA level of COX-2 was slightly elevated in the blood samples from patients with stage I osteosarcoma; however, the difference was not statistically significant (P>0.01; Fig. 2A ). In patients with stages II and III osteosarcoma, the COX-2 mRNA content in the blood samples was significantly higher than that in the normal controls (P<0.01), and the mRNA level was found to increase as the disease progressed ( Fig. 2A) . Similar results were observed with the western blot analysis of COX-2 protein expression in the blood samples from patients with osteosarcoma (Fig. 2B) . These results indicated that the mRNA and protein levels of COX-2 in the blood were increased in patients with osteosarcoma, despite the fact that no significant difference was measured between patients with early-stage osteosarcoma and normal control subjects.
Expression of miRNA-143 in tumor tissue and blood samples from patients with osteosarcoma. To evaluate the role of miRNA-143 in osteosarcoma pathogenesis, its expression in osteosarcoma tumor tissue and blood samples was detected by 
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RT-qPCR. The results showed that the level of miRNA-143 in osteosarcoma tumor tissue was significantly decreased in patients with stages I-III osteosarcoma, as compared with the level in the normal control subjects (P<0.05; Fig. 3A ). Among those patients with osteosarcoma, the miRNA-143 level in the tumor tissue declined along with the disease severity, i.e. the miRNA-143 levels in the tumor tissue from patients with osteosarcoma at stage III were significantly higher than those in tissue from patients at stages I-II, and the miRNA-143 level in stage II osteosarcoma was significantly higher than that in stage I osteosarcoma (P<0.05; Fig. 3A ). Similar results were found with the measurement of miRNA-143 in the blood samples from patients with stages I-III osteosarcoma (Fig. 3B) . These results indicated that the expression of miRNA-143 notably decreased along with the increasing severity of the osteosarcoma, which is the opposite trend to the COX-2 expression, suggesting that miRNA-143 and COX-2 may play different roles in the disease pathogenesis.
Discussion
Osteosarcoma is a highly malignant primary bone tumor, with bone-like tissue formed by tumor cells (1) . As one of the early symptoms of osteosarcoma, patients experience intermittent pain, even prior to tumor formation. This intermittent pain can gradually transform into persistent, severe pain, particularly at night. Osteosarcoma can be caused by other types of cancer, including Li-Fraumeni syndrome (resulting from a p53 mutation), hereditary retinoblastoma (RB) and associated diseases caused by an RB mutation (13) . Other internal or external factors can also contribute to the disease development (6, 14) .
In the present study, the pathogenesis of osteosarcoma, with regard to the expression of COX-2 and miRNA-143 and the association between them, was investigated. COX-2 is the rate-limiting enzyme for the synthesis of prostaglandins, which are critically important for inflammation (15) . Recent studies have indicated that COX-2 is also closely associated with the progression of various types of tumor (16, 17) . The current results showed that the mRNA and protein expression levels of COX-2 became markedly upregulated as the disease severity increased. These results suggested that COX-2 may be involved in the development of osteosarcoma. The blood expression level of COX-2 may reflect the degree of malignancy and metastasis of osteosarcoma cells, since tumor metastasis largely relies on blood and tissue fluid flow. The present results showed that the mRNA and protein expression levels of COX-2 in the blood gradually increased from osteosarcoma stage I to stage III; however, the difference in the blood COX-2 expression level between the normal controls and patients with stage I osteosarcoma did not reach statistical significance. This may be due to the fact that a limited number of cells migrate in the blood circulation from the newly formed osteosarcoma tumor, and some of these would be phagocytosed by monocytes in the blood (18) . COX-2 expression in the blood may, therefore, not be a perfect predictor for tumor metastasis, particularly for stage I osteosarcoma.
The present results demonstrated that the COX-2 expression levels in osteosarcoma tumor tissue increased along with the disease severity, from the normal control to osteosarcoma stages I, II and III, while the expression of miRNA-143 sequentially decreased as the disease progressed. We hypothesized that the upregulation of COX-2 may have been associated with the downregulation of miRNA-143 in the disease progression. miRNA-143 may therefore negatively regulate COX-2, which could be an important mechanism for chronic inflammation and the development of cancer.
The expression tendency of miRNA-143 in the blood was similar to that of COX-2 in the tumor tissues; it was, however, notable that, unlike COX-2, the difference in blood miRNA-143 expression between the normal controls and the patients with stage I osteosarcoma was statistically significant, suggesting that the blood miRNA-143 level may be a promising early predictor and diagnostic marker for osteosarcoma. Evidently, several potential questions remain. The regulatory mechanisms of miRNA-143, for example, are unclear, and there are also other factors that would affect COX-2 expression; therefore, further studies regarding the molecular mechanism and function of miRNA-143 in osteosarcoma are required.
In conclusion, the results of the present study showed that the mRNA and protein expression levels of COX-2 increased in the tumor tissue and blood samples from patients with osteosarcoma along with the disease severity. In addition, the 
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expression of miRNA-143 decreased in the tumor tissue and blood samples from patients with osteosarcoma as the disease progressed. The opposite trends of COX-2 and miRNA-143 in the progression of osteosarcoma indicated that they played different roles in the disease pathogenesis. The current findings provided novel insights into the early diagnosis and clinical treatment of osteosarcoma.
